Previous investigations indicated that thresholds to nonpainful tactile stimuli were elevated in chronic-pain patients when compared with pain-free individuals (Seltzer & Seltzer, 1986; Seltzer et aI., 1988). The present study attempted to determine whether thresholds to tactual and visual stimuli also were elevated by chronic pain. Furthermore, lateralization of the pain effect on tactile thresholds was assessed by obtaining thresholds from both left and right arms. A decrease in tactile sensitivity to nonpainful stimuli in chronic-pain patients was confirmed, but laterality of the effect was not demonstrated. Visual thresholds were not significantly affected by chronic pain. The data in the present study, taken together with other data, support the proposition that pain does not affect right hemispheric processes more than left hemispheric processes.
Previous investigations indicated that thresholds to nonpainful tactile stimuli were elevated in chronic-pain patients when compared with pain-free individuals (Seltzer & Seltzer, 1986; Seltzer et aI., 1988) . The present study attempted to determine whether thresholds to tactual and visual stimuli also were elevated by chronic pain. Furthermore, lateralization of the pain effect on tactile thresholds was assessed by obtaining thresholds from both left and right arms. A decrease in tactile sensitivity to nonpainful stimuli in chronic-pain patients was confirmed, but laterality of the effect was not demonstrated. Visual thresholds were not significantly affected by chronic pain. The data in the present study, taken together with other data, support the proposition that pain does not affect right hemispheric processes more than left hemispheric processes.
Much of the research on chronic pain in humans has focused on responses to painful stimuli (Chapman et al., 1985) . Several investigators have found that pain thresholds in chronic-pain patients are increased, indicating decreased sensitivity to painful stimuli (Callaghan, Sternbach, Nyquist, & Timmermans, 1978; Merskey & Evans, 1975) . Much less is known about the responses of chronic-pain patients to nonpainful, noninvasive stimuli. One study (Seltzer & Seltzer, 1986) reported that chronic pain leads to decreased sensitivity to nonpainful tactile stimulation. In that investigation, differences in two-point thresholds were found between chronic-pain patients and pain-free individuals. It also has been demonstrated that relief of pain in the extremities of reflex sympathetic dystrophy (RSD) patients does not decrease the elevated tactual thresholds (Seltzer, Seltzer, Lessin, & Woo, 1988) . This study indicated that the elevated tactual threshold is not an effect that is immediately reversed when pain relief is obtained. The present study attempted to determine whether the decreased sensitivity brought about by pain also extended to a tactual and a visual task, specifically depth perception.
Several factors entered into the decision to use a depthperception task. First, it had been shown, using a depthperception task, that there were more correct detections of depth in the left visual field than in the right visual field (Grabowska, 1983) . Furthermore, Carmon and Bechtoldt (1969) found that depth perception was worse in patients with lesions in the right hemisphere than in patients with Appreciation is expressed to Alexander T. Marr, CRNA, for his assistance in the data collection. Correspondence should be addressed to S. F. Seltzer, Graduate School of Arts and Sciences, Department of Psychology, Bryn Mawr College, Bryn Mawr, PA 19010. lesions in the left hemisphere. These results suggested greater involvement of the right hemisphere than the left hemisphere in depth perception.
Second, some investigations have reported that pain thresholds were lower for the left hand than for the right hand in individuals who were initially free of pain (Haslam, 1970; Murray & Safferstone, 1970) . The latter investigation indicated that the left hand was more sensitive than was the right hand for both threshold and tolerance measures using a cold-pressor method of experimental-pain induction. Weinstein and Sersen (1961) tested pain-free individuals and demonstrated that for right-handed individuals, pressure thresholds were lower on the left side than on the right side of the body. Wolff and Jarvik (1964) studied chronic arthritic patients and found consistent differences in thresholds between left and right hands using cold-pressor, radiant-heat, and chemical methods for induction of the experimental pain. Their results indicated that the left hand was more sensitive to pain. These authors speculated that the dominant hemisphere may be more sensitive to pain or more closely integrated with an individual's emotional behavior than is the nondominant hemisphere.
Additionally, Merskey and Watson (1979) suggested that there is greater sensitivity to pain on the left side than on the right side of the body. Furthermore, when pain was lateralized, they found that individuals reported that it occurred more frequently on the left side of the body. They suggested that this may be due to qualitative differences between left and right hemispheres in their capacity to integrate and discriminate sensory input. Supporting this proposition was a recent investigation that administered an EEG power-spectrum analysis to chronic-pain patients (DeBenedittis & DeGonda, 1985) . The results of this inCopyright 1992 Psychonomic Society, Inc.vestigation revealed that there was a tendency toward less left hemispheric dominance during mathematical and visu<r spatial tasks in psychogenic-pain patients than in pain-free individuals. Chronic pain, particularly psychogenic pain, has been associated with emotional disturbances such as depression, and pain is the most common somatic complaint among psychiatric patients (Merskey & Watson, 1979) . It is known that emotional processes affect the perception of pain (Merskey & Evans, 1975) and that the right hemisphere may be dominant for the negative em<r tions so often associated with pain (Ahem & Schwartz, 1985; Tucker, 1981) .
There is, however, conflicting evidence concerning lateralization of symptoms in chronic pain (Campbell, LahveTta, & Bowsher, 1985; Hall, Hayward, & Chapman, 1981; Lam & Remick, 1988; Margolis, Krause, & Tait, 1985) . In contrast to the studies cited above, these studies, based upon self-reports of patients, found no evidence that pain occurred more frequently on one side than on the other side of the body.
Thus, there is some support, albeit somewhat inconsistent, for the suggestion that there is greater involvement of the right hemisphere in pain as well as in depth perception. If chronic pain is more likely to affect activities lateralized in the right hemisphere, and if the right hemisphere is importantly involved in depth perception, then perhaps chronic pain would affect depth perception.
The present study used a depth-perception task to assess the effects of chronic pain. Furthermore, although a previous study (Seltzer & Seltzer, 1986) found decreased sensitivity in chronic-pain patients to nonpainful tactual stimuli, their results were obtained using only the right arm. The present study attempted to replicate the previous finding of decreased sensitivity in chronic-pain patients and at the same time to assess whether the threshold difference between chronic-pain patients and pain-free control individuals is different for the left and right arms.
METHOD

Subjects
There were 20 right-handed (by self-report) chronic-pain patients and 20 right-handed (by self-report) individuals in a pain-free control group, for a total of 40 subjects, who were matched by age and sex. The criterion for inclusion in the control group was a lack of a report of any type of pain. The sample of patients tested were those who were referred to the Thomas Jefferson University Hospital Pain Clinic by their personal physicians for treatment or diagnosis related to chronic pain.
Six patients were using prescription drugs at the time of testing.
The data for these 6 patients and their matched controls were not included in the analyses of the data.
Apparatus The depth-perception task was performed using a Layfayette Instruments modified Howard-Dolman apparatus (Model 14012). The unit is constructed so that there are no external depth cues; depth discrimination is based solely on binocular cues. A Layfayette Instruments three-point aesthesiometer (Model 1707744) was used for the two-point threshold testing. Black goggles were worn by the subjects during the two-point threshold testing to prevent visual detection of aesthesiometer distance.
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Procedure This study was approved by the Jefferson Medical CoIlege Institutional Review Board. A nurse anesthetist performed the testing of all the subjects and was not aware of the expectations of the outcome of the study. Each subject was seen individually by the experimenter, and a questionnaire about age, duration of pain, medications, and medical diagnoses was completed prior to the testing. The procedure was explained to the subjects in both groups prior to the request for their consent, and at the same time they were told that the testing procedures were not painful. The depthperception testing took place first. If corrective lenses were worn, then the subjects were asked to wear them during the depthperception testing. Each subject was seated at a distance of2.4 m from the Howard-Dolman apparatus. Measurements were talten to determine eye-level distance from the floor so that the apparatus was positioned at eye level for all subjects. The rods in the appara-. tus were moved to their most extreme forward position and to their most extreme distant position during the familiarization period, which also served as the partial run (Bradley, 1977) . The adjustments were made by maneuvering a length of string attached to the rods inside the apparatus. The subject was asked to lay the string down between each rod adjustment and to close hislber eyes while the adjustment was being made. The rods were set 20 times at randomly selected positions between +6 and -6 em, 0 being the point defining perfect adjustment. The subject was asked to adjust them until they appeared to be aligned. Absolute differences in distance between the 2 rods were recorded, and the mean absolute error for each subject was calculated.
The two-point threshold testing was performed next. The subject remained seated in the same chair and then was blindfolded. The hand to be tested was laid flat on the table with the palm up. The skin area used for testing was the lateral side of the dorsal forearm. Which arm was used was alternated with each subject. For example, the frrst subject presented his/her right arm first, the second subject, his/her left arm first, and so forth. The subject was told: "You will feel one or two points of stimulation on your forearm. Reply by saying 'one,' or 'two,' as you feel it."
There were four sequences with a series of two alternating ascending and descending numbers presented in increments of2 mm, performed on both the right and left forearms. The initial distance for both the ascending and descending sequences was arbitrarily selected. The ascending stimulus began well below the threshold level, and the descending began well above the threshold level. On the ascending sequences, the stimulus presented was a slight pressure on the forearm with the two points of the aesthesiometer. The interstimulus interval was approximately 10 sec. As the distance between the two points of stimulation was increased, the subject sometimes reported uncertainty but was asked to make a decision between one and two points. The investigator stopped the sequence when a distance was reached where the subject reported two distinct points of stimulation. The same procedure was used for the descending sequences, but the sequence was stopped when the subject reported a sensation of one point. The ascending series began with 8 mm and 12 mm. The descending series began with 44 mm and 46 nun.
The length of the testing session varied with the sensitivity of the subject but was approximately 20 min in length. The threshold was defined as the midpoint, in millimeters, of the points where a transition occurred from one response to another. A "catch trial" occasionally was introduced in which the subject's forearm was deliberately touched by one point of the aesthesiometer. This was used to determine if there was any response bias.
RESULTS
One patient responded incorrectly on 75% of the catch trials. That patient's data and the data for the matched control subject were eliminated from further considera-tion. The mean percent correct responses on the catch trials for the patient and control groups were 96.9% and 93.1 %, respective\)o There was no significant difference between the two means (p > .05).
A t test for related measures, based on the 13 matched pairs of patients and controls, was conducted on the data for two-point thresholds. There was a significant difference in the two-point thresholds between the patient and control groups [t(12) = 2.78, p < .02]. The mean threshold for the patient group was 38.94 mm and for the control group was 30.85 mm.
The difference between thresholds obtained from the left and right arms was not statistically significant for the patient group [t(12) 
DISCUSSION
This study confirmed the results of a previous study that found that two-point thresholds were higher for chronicpain patients than for a control sample of pain-free individuals (Seltzer & Seltzer, 1986) . The results of the present study also indicated that the effects ofchronic pain do not extend to all sensory modalities; visual depth perception was not affected by chronic pain.
Chronic pain decreases sensitivity to tactile stimuli but not to visual stimuli. This differential effect on tactual and visual modalities may be due to the fact that activation of different receptors are involved in the processing of these two sensory modalities. Pain is mediated by nociceptors, and nonpainful tactual sensation is mediated by mechanoreceptors (Lindblom, 1965; Mountcastle, La Motte, & Carli, 1972) . Central processing of nociceptive responses may interfere with the processing and transmission of nonpainful tactile stimuli. This may be due in part to simultaneous firing of both the nociceptors involved in the chronic-pain process and the mechanoreceptors involved in the transmission of the nonpainful tactile stimulation.
Furthermore, visual stimuli, which of course do not involve mechanoreceptors, remained unaffected by chronic pain. Neither the depth-perception data nor the two-pointthreshold data support the proposition that chronic pain influences the right hemispheric processes more than the left hemispheric processes. It also would appear that chronic pain leads to specific deficits in particular sensory modalities. In fact, it may be possible that chronic pain leads to more specific deficits even within the tactual modality. Grushka, Sessle, and Howley (1987) reported no significant differences between individuals with buming mouth syndrome (BMS) and matched controls on tactile thresholds, detection of thermal change, intensity ratings of thermal stimuli, and heat-pain thresholds. These measures were obtained from the tongue, palate, lip, and cheek areas.
It may well be that sensory deficits of chronic pain not only are modality specific, but that even within the tactual modality, the deficit depends upon the region of the body. Of course, the findings of Grushka et al. (1987) may apply only to pain arising from BMS. It would be interesting to know whether two-point thresholds obtained from the arm would yield deficits due to BMS pain.
If there is greater involvement by the right hemisphere than by the left hemisphere in tactile sensitivity, then one would have expected lower two-point thresholds for the left arm than for the right arm in pain-free individuals. However, the present results revealed no significant differences in thresholds between the left and right arms in the control sample. The current data also do not support some of the suggestions in the literature that pain effects are lateralized in the right hemisphere. These suggestions would lead to the expectation of higher two-point discriminations on the left side of the body in chronic-pain patients.
When we analyzed the data presented by Grushka et al. (1987, (There also were nonsignificant differences in the twopoint thresholds for the left and right sides of the tongue, but since there is bilateral innervation of the tongue, one should not expect to find asymmetry.) Thus, these data are consistent with the results of the present study in not revealing any asymmetry in two-point thresholds.
The rationale for expecting right hemispheric involvement during a painful experience was the suggestion that pain contains a strong emotional component and that emotional processes are lateralized and predominantly located in the right hemisphere (Borod & Caron, 1980; Sacheim & Gur, 1978; Schwartz, Davidson, & Maer, 1975) . However, the concept that emotions are located predominantly in the right hemisphere has been challenged recently by investigators who have suggested that different types of emotion may involve different cerebral hemispheres (Davidson & Fox, 1982; Reuter-Lorenz & Davidson, 1981) , that is, positive and negative emotions may be lateralized in different hemispheres. Furthermore, Hager and Ekman (1985) have even questioned whether there is any lateralization of genuine expressions of emotion. They suggested that previous studies, which had concluded that there was laterality of emotion, had not differentiated between emotional and nonemotional processes. In their study, elicited, genuine, and spontaneous emotional facial expressions were shown to be symmetrical. Simulated, or voluntarily regulated, facial expressions were asymmetrical. The study of the laterality of emotional expressions must be accompanied by data that indicate whether genuine or simulated emotions are involved.
